ABSTRACT The mortality experienced by a cohort of 10 491 United Kingdom steel foundry workers during the period 1946-85 has been investigated. These workers were all male operatives first employed in any one of the 10 participating foundries in 1946-65; all had worked in the industry for a minimum period of one year. Compared with the general population of England and Wales, statistically significant excesses relating to cancer mortality were found for cancer of the stomach (E = 77.4, 0 = 106, SMR = 137) and cancer of the lung (E = 229-2, 0 = 441, SMR = 147). A statistically significant deficit was found for cancer of the brain (E = 19-4, 0 = 10, SMR = 51). Involvement of occupational exposures was assessed by the method of regression models and life tables (RMLT). This method was used to compare the duration of employment in the industry, in "dust exposed" jobs, in "fume exposed" jobs, in foundry area jobs, in fettling shop jobs, and in foundry area or fettling shop jobs, of those dying from cancers of the stomach and lung with those of all matching survivors. The RMLT analyses provided evidence ofan occupational involvement in the risk ofdeath from lung cancer from work in the foundry area or fettling shop, and weaker evidence of an occupational involvement in the risk ofdeath from stomach cancer from work in the foundry area.
In 1983 a working group of the International Agency for Research on Cancer evaluated the carcinogenic risk of working in iron and steel founding. A report, published the following year, concluded: "The available epidemiological studies provide limited evidence that certain exposures in iron and steel founding are carcinogenic to humans, giving rise to lung cancer. There is inadequate evidence that such exposures result in cancers of the digestive system and genitourinary system. A number of individual compounds for which there is sufficient evidence ofcarcinogenicity have been measured at high levels in air samples taken from certain areas in iron and steel foundries. Taken together, the available evidence indicates that occupational exposures occur in iron and steel founding which are probably carcinogenic to humans."'
The epidemiological studies available for the above evaluation included published reports of mortality among cohorts of foundry workers from North America,2-'0 Scandinavia, [11] [12] and the United Kingdom. 3 It is this latter study which is updated here. Accepted 18 January 1988 Study population
The study population has been described elsewhere,'3 but may be summarised as all male operatives who started work in 10 steel foundries (nine English foundries and one Scottish foundry) between 1946 and 1965, who were employed for at least one year. Office staff and management were excluded. All foundries were members of the Steel Castings Research and Trade Association (SCRATA), which has provided financial and technical help at various times in the history of this study.
Detailed job histories-defined in terms of 25 The study population had originally included a further group of 626 workers with Indian, Pakistani, or Arab surnames. Overall mortality was found to be suspiciously low for this group (Exp = 87-6, Obs = 35, SMR = 40) and these workers have, This placed the mortality experience of the study cohort in broad perspective. The differences found, however, between the mortality ofan industrial cohort and an expected experience based on rates ofmortality for the general population also depend on factors other than the specific occupational exposure. Such factors will include selection effects within the workforce as well as the regional, urban/rural, and social class composition of the study cohort. The method of regression models in life tables (RMLT) was used, therefore, to test the null hypothesis of no effect on mortality from duration of "exposed" employment in the industry, contrasting groups from within the study population.'4'8 This approach was used because, by relying on internal comparisons, we believe that we 75 may control for selection effects, and regional, urban/ rural, and social class effects. The method' '8 was used to compare the duration of exposed employment ofthose who died from the cause under investigation with those of all matching survivors, while controlling for year of starting employment (1946-50, 1951-5, 1956-60, 1961-5) , age at starting employment (15-, 20-, 25-, 30-, 35-, 45-, > 55), factory (10 participating factories), and year of follow up. In some instances it was also possible to include "duration of employment in the industry" as a controlling factor, to try and control for any "survivor population effect" in the data.
Expert advice was sought on the most appropriate classification ofjob titles into (a) those jobs attracting higher dust exposures and (b) those jobs attracting higher fume exposures. Our overall classification is shown in table 1. Four of the participating foundries suggested that slight modifications in the classification would be appropriate for their particular foundry, and these modifications were accepted. Individual factories will differ in terms of chemicals found in the workplace, factory operating procedures, and lay out of the factory. There will also be changes over time. The classification, then, is a broad classification.
Sorahan, Cooke
The data were first divided into a large number of subgroups by levels of the controlling variables mentioned above. For each subgroup (or subcohort) a life table was constructed, giving for each year of follow up the number entering that year of follow up, the number dying from the cause under investigation, and the mean duration of exposed employment of these two categories.
Extent of occupational exposure was estimated in five ways:
(1) cumulative duration of employment in the industry (irrespective of which departments were worked in);
(2) cumulative duration of employment in jobs attracting higher levels of dust exposure (see table 1 (6) cumulative duration of employment in foundry area or fettling shop jobs.
The null hypothesis of no effect on mortality from duration of exposed employment is that the deaths in each year are a random sample from the entrants to that year, and that the differences in the mean cumulative duration of exposed employment of these two categories should be zero.
A test statistic was calculated to determine the probability of observing by chance alone the differences found between the duration of exposed employment of those who have died and the duration of exposed employment of the matching survivorsthat is, if the null hypothesis of no effect on mortality from duration of exposed employment is true. Thus with a test statistic greater than ± 1-96, the null hypothesis is rejected at the 5% level.
A positive test statistic indicates that deaths from the cause under investigation tend to occur among those with longer periods of exposed employment, which could be due to the existence of an occupational risk factor, or bias, or confounding, or chance. A negative test statistic indicates that deaths from the cause under investigation are tending to occur among those with shorter periods of exposed employment, which could be due to the existence of protective occupational exposures, or bias, or confounding, or chance.
Results

SMR APPROACH
The existence ofany healthy worker effect in the data is best investigated by calculating SMRs for successive periods from first employment (irrespective of how long any individual remains in the industry).'9 For successive 10 year periods from first employment, SMRs for all cancers were 105, 136, 109 and 119 respectively, and SMRs for all non-cancers were 95, 117, 111, and 111 respectively. Although SMRs for these two broad cause ofdeath groupings are lowest in the 10 year period following first employment, a general trend of increase is not shown over the follow up period. There is, then, only limited evidence of a healthy worker effect in these data. Table 3 shows overall results for cancer mortality by site. Compared with the general population, there are statistically significant excesses for cancer of the stomach, cancer of the lung, and all cancers and a statistically significant deficit for cancer of the brain. Table 4 shows observed and expected numbers of deaths by first occupation for cancer of the stomach. The excess is found predominantly in foundry occupations (all foundry occupations, SMR = 171) and, in particular, "furnace" and "furnace repair." Table 5 shows observed and expected numbers of deaths by first occupation for cancer of the lung. SMRs are higher for all foundry occupations (SMR = 157) and all fettling shop occupations (SMR = 168) than for pattern/machine/ maintenance/inspection (SMR = 125), although statistically significant excesses are shown for several occupations within each of these three broad categories (foundry: furnace, furnace repair, centrifugal casting, labourers etc; fettling shop: fettling, labourers etc; pattern/machine/maintenance/ inspection: machining, maintenance mates). Table 6 shows observed and expected numbers of deaths for stomach cancer and lung cancer by entry cohort and by successive 10 year periods from first employment. For stomach cancer, SMRs tend to be higher 10-19 years from first employment, with little evidence ofexcess mortality 20 years or more from first employment. For lung cancer, there is evidence, among three of the four cohorts, of a trend of SMRs increasing with period from first employment. Table 7 shows observed and expected numbers of 77 foundry area, with periods of exposed employment "lagged" by ten years. Table 9 shows contributions from subcohorts to the overall test statistics both for lagged and unlagged periods of exposed employment. The overall test statistic for lagged exposures was reduced to + 1 62, although the test statistic for the period 10-19 years from first employment was increased from + 1-83 to +2-37 (p = 0-06 to p = 0.02). Statistically significant test statistics are also shown for the most recent entry cohort (first employed 1961-5) and for short term workers. These are not mutually exclusive categories.
The results of a similar analysis are shown in table 10 for lung cancer and duration of employment in the foundry area or fettling shop. The overall test statistic for lagged exposures was increased to + 2-33 (p < 0 05). Statistically significant test statistics are also shown for the earlier entry cohort (first employed 1946-50) and for long term workers. These are not mutually exclusive categories.
Test statistics for the first three test factors were also calculated for cancer of the oesophagus, cancer of the bladder, all reticuloendothelial systems neoplasms, all cancers, diseases of the circulatory system, and diseases of the respiratory system (non-malignant). No statistically significant positive statistics were obtained.
Discussion
A general discussion of the methodology used in this analysis may be found elsewhere.'7 Cancers of the stomach and of the lung were chosen for more detailed S.
